Objective The aim of this paper was to determine the clinical and laboratory differences between EBV and CMV infectious mononucleosis in children. Methods Cohort retrospective analytical research was conducted. We used data from medical history in six years period and monitored anamnestic data, frequency of inspection and palpation obtained data during physical examination, several laboratory tests, abdomen ultrasonography examination finding and emergence of disease complications. Statistical processing of data has been performed using SPSS 20. Results Total number of examined children was 137, out of which 85.4% were with EBV and 14.6% with CMV infection. Affected children were most commonly younger than eight years. Boys were affected more often. There was no difference in frequency of high temperature, sore throat, bad breath, and respiratory symptomatology between examined children. Differences were discovered in frequency of stomachaches, eyelid swelling, skin rash and fatigue. Differences were not proven in the frequency of angina, lymphadenopathy and splenohepatomegaly between the groups. Values of transaminases and lactic dehydrogenases significantly decreased after seven days of hospitalization in both groups. In children with EBV, values of transaminases declined faster than in children with CMV. Anemia and bacterial superinfection of pharynx were most common disease complications. Thrombocytopenia was more common in children with CMV infection. Average duration of hospitalization was 6.7 days. Conclusion In children with CMV abdominal pain, eyelid swelling, skin rash, fatigue and thrombocytopenia were more common. In children with EBV values of transaminases declined significantly faster.
INTRODUCTION
Infectious mononucleosis (IM) is an acute disease of reticuloendothelial and lymphatic system, that often affects persons in adolescence and childhood [1] , and it is most commonly caused by the Epstein-Barr virus (EBV) and in smaller percentage by cytomegalovirus (CMV), between 7% and 16% [1] [2] [3] [4] [5] [6] , and extremely rarely can be caused by Toxoplasma gondii, viral hepatitis A, B, C or human herpes virus 6 [4] .
According to dominant clinical signs, several different forms of IM are distinguished: pharyngeal, glandular, typhoid, septic and nervous. Regardless of the causing virus, incubating period most probably lasts 10-50 days [1, 2, 3] . Complications of IM are not common, but they can be very extreme and they can become dominant manifestations of the disease [7, 8, 9] .
Diagnosis is made according to the characteristic clinical signs, hematologic changes in a complete blood count, the emergence of young lymphocytic forms -atypical lymphocytes (virocytes), increased value of transaminases during the first two to three weeks, often increased inflammation parameters, and additional help is provided by ultrasonographic abdomen examination. The most secure diagnosis confirmation is achieved by serological tests (IgM to EBV virus capsid antigen [EBV-VCA] and IgM to CMV) [1, 2, 3, 10, 11] .
Apart from resting and performing a hygienic-dietary regimen, the affected children do not demand specific treatment [1, 2, 3, 10] . Certain researches have proved that application of antiviral medicines does not influence the clinical finding and the duration of the disease [12] . In case of bacterial superinfection of pharynx it is necessary to perform antibiotic therapy [10] . Mullarkey [13] proved positive effect of giving corticosteroids in the cases of severe clinical findings.
Domestic published studies about clinical and laboratory characteristics of IM in childhood are not common. There are publications for this particular disease symptom or complications of EBV infection [8, 14] . Such researches are much more common worldwide, but without focusing on attempts to find relevant differences between EBV and CMV infection [5, 6, [15] [16] [17] [18] [19] [20] [21] . Also, there is a need for permanent monitoring of disease characteristics, considering that it is a common clinical syndrome in childhood, with variable duration and clinical findings.
OBJECTIVE
The aim of this study was to try to determine the clinical and laboratory differences between EBV and CMV infectious mononucleosis in children and to indicate the frequency of certain disease characteristics and laboratory findings.
METHODS
The study was designed as a cohort retrospective analytical research. We used data from the medical history of patients, both sexes, up to 16 years of age, who were hospitalized at the Pediatric Clinic, Clinical Centre Kragujevac, during a six-year period, from January 2009 until December 2014.
The examined patients were divided into two groups. The first group comprised patients in whom serologically acute EBV infection had been proven, they had an increased titer of antibodies in IgM class to EBV-VCA, while the second group contained patients with acute CMV infection, in whom an increased titer of antibodies in IgM class to CMV had been serologically proven. Antibodies to EBV-VCA and CMV in IgG class, as well as IgG antibodies to EBV nuclear antigen (EBNA) were not taken into consideration, considering that they mark a condition of an earlier infection. When proving specific EBV antibodies in serum, we used ELISA test (BIOKIT, Freiburg, Germany), and Abbott AxSYM CMV IgM test when proving IgM antibodies to CMV. We also interpreted the results of Monolatex test (Wampole Laboratories, Cranbury, NJ, USA) [10] .
Using anamnestic data obtained personally from older children or heteroanamnestic data from parents on admission, we monitored the following parameters:
• duration of symptoms of the disease; • body temperature of over 37.8ºC (this cut-off value has been taken considering that a temperature up to 37.8ºC can also be physiological) [22] ; • complaints of sore throat, bad breath or difficulties when swallowing; • presence of fatigue, eyelid swelling, skin rash; • presence of stomach problems (stomachache, diarrhea, vomiting); • presence of respiratory symptoms (coughing, heavy breathing, nose secretions); • use of antibiotics before admission. During physical examination of the children, the following were performed:
• inspection of pharynx and tonsils;
• by palpation, enlargement of reachable lymph glands of neck, axillary and inguinal areas; • palpation of the abdomen when enlargement of the liver and/or spleen was suspected.
In our patients we monitored the following laboratory parameters:
• [11] .
We followed the development of complications. Moreover, we monitored the findings of ultrasonography examination of the abdomen, and used tables for normal ultrasonography dimension of longitudinal diameter of the spleen and liver in childhood, according to the age and sex, as referential values [24] .
Statistical analyses were performed using SPSS Statistics 20 (IBM Corp., Armonk, NY, USA). Continuous variables are presented as mean values ± standard deviation, and categorial variables as percentage frequency of the categories. We used parametric methods (paired samples T-test and independent samples test) to calculate the significance of difference between the continuous variables. Chi square test is used to calculate the significance of difference between categorial variables. The value p<0.05 is considered statistically significant [25] . The results were shown in tables and graphics.
RESULTS
Total number of children hospitalized at the Pediatric Clinic, Clinical Centre Kragujevac in this period with confirmed diagnosis of IM was 137, out of which 80 (58.4%) were male and 57 (41.6%) female.
Acute EBV infection was diagnosed in 117 (85.4%) patients, and acute CMV infection in 20 (14.6%). In 39.3% of the patients with acute EBV infection simultaneously there was high titer of antibodies in IgM class to CMV. Such a finding is interpreted as acute EBV infection. There were no children with EBV/CMV co-infection. Monolatex test in our study showed specificity of 92.3%, and sensitivity of 70.8%.
Most of the children younger than four years of life (35.8%) and between four and eight years (38%), and lesser percentage belonged to the age categories of 8-12 years (15.3%), and 12-16 years (10.9%), with approximately equal distribution in relation to whether it was EBV or CMV infection (p=0.772). There were no infected infants. It was noted that the youngest children had the most severe clinical findings in both groups, in terms of increased frequency of highly febrile children, children with splenomegaly, and more prominent cervical lymphadenopathy in the sense of agglomeration of nodes, but without differences in relation to other examined parameters (Table 1) .
In 62.6% of patients with EBV and 65% with CMV infection, the disease lasted up to 10 days before hospitalization.
There was no significant difference in terms of our patients having temperature above 37.8°C before hospitalization, when we compared the EBV and CMV groups (Table  2 ) -37.6% of children with EBV and 40% with CMV were highly febrile, with temperature over 39ºC. The mean peak temperature was 38.5±0.7°C (range: 37.2-41.1°C) and the duration of fever was 7.6±3.2 days in the group with EBV, and 38.7±0.8°C (range: 37.3-40.9°C), with duration of 7.2±2.9 days in the group with CMV infection.
There was no significant difference between the groups when we compared anamnestic data about sore throat, bad breath and respiratory problems, but there was a difference when we observed incidence of fatigue, eyelid swelling, stomach problems and skin rash, and in considerably higher percentages in children with CMV infection (Table 2) .
From anamnestic data we obtained the result that 72.6% of the patients with EBV and 75% of those with CMV received antibiotics before hospitalization.
Statistically valid difference in the frequency of angina, lymphadenopathy and splenohepatomegaly among the children was not found (Table 3) .
There was no confirmed difference between the groups when frequency of increased values is considered, as well as difference in mean values of inflammation parameters: SE, CRP, fibrinogen, number of leucocytes and lymphocytes in CBC (Table 4) .
In a peripheral blood smear in patients with E BV, in 82.9% we determined the presence of virocytes, and of that number most of the patients (41%) had 20% virocytes. It is similar with the patients with CMV -78.9% had virocytes in peripheral smear and the highest percentage (38.8%) belong to the group that had 20% virocytes.
In terms of frequency of increased values, as well as in mean values of transaminases and LDH taken at the admission, statistically significant difference between the patients was not proven. It was confirmed that there is a significant decrease of values of all three markers that were repeated after seven days of hospitalization (Table 4 ). It has also been proven that there is a significant difference in the speed of decreasing of AST (p=0.000) and ALT (p=0.002) values after seven days, considerably faster in the patients with EBV infection (Graphs 1 and 2) .
No patient affected by IM had positive direct and/or indirect Coombs test.
Analyzing the findings of ultrasonography examination of the abdomen, we determined that 74.8% of the children with EBV and 75% of them with CMV infection had splenomegaly, and 41.2% with EBV and 45% with CMV infection had hepatomegaly. When considering IM complications, a significant difference between the patients was not proven, except that higher percentage of children with CMV had thrombocytopenia (Table 5 ), but in most cases this was a mild form of thrombocytopenia.
The ASOT was increased in 10.3% of the patients with EBV, and in 10% of those with CMV infection.
Average duration of hospitalization in both groups was 6.7±0.8 days.
DISCUSSION
According to our results, there was a higher number of infected boys (ratio M:F=1.4:1), which is in correlation to other studies that have dealt with this disease [5, 6, [15] [16] [17] [18] [19] [20] [21] .
Also, Epstien-Barr virus stands out as the main cause of IM, and the percentage of patients affected by cytomegalovirus in our study is on the higher limit, which is described in the literature (about 15%) [1] [2] [3] [4] [5] [6] . We reached an interesting result that almost 40% of the patients with acute EBV infection had an increased titer of antibodies in IgM class to CMV. In these cases we determined avidity to IgG antibody to CMV. In the case of recent CMV infection, the avidity is lower, whereas in the case of an old infection or virus reactivation, the avidity is higher. In all our patients with positive IgM antibodies to both viruses, avidity to IgG antibody to CMV was higher, so these results were interpreted as acute EBV infection. Additional help in these situations represented positive Monolatex test. It should be considered that IgM antibodies to CMV in 20-40% of patients can remain increased up to a year and even longer from acute infection, as well as from manufacturer's reagents of and the method of work with ELISA tests [3, 10, 11, 26] . Nevertheless, this high percentage of coinciding positive IgM antibodies to both viruses should represent a basis for some following researches. Fortunately, we did not have children with EBV/CMV co-infection, which usually has severe clinical presentations and in most cases requires treatment with antiviral drugs [4] .
In our study, affected children were most commonly younger than eight years, which corresponds to comparative studies from different geographical areas [5, 6, [15] [16] [17] [18] [19] [20] [21] . Data from the literature show that the greatest incidence of infection is in the range of 16-25 years of life, and we included only children up to the age of 16 [1, 2, 3, 16] . Regardless of the fact that we did not have any infants with IM, the youngest patients have had most prominent typical symptoms of the disease (high fever, splenomegaly and lymphadenopathy), but without differences in other symptoms and laboratory analysis toward other age groups. These age differences are described in much of relevant literature [1, 2, 3] .
When increased temperature and sore throat, the two most common symptoms, are considered, our results correlate with comparative studies [5, 6, [15] [16] [17] [18] [19] [20] [21] . What is rarely mentioned in literature is complaint to bad breath. The percentage of children with this problem in both groups was very high, and amounted to about 60%.
Data that are also rarely mentioned in the literature are presence of stomach pain due to the enlarged mesenterial lymph nodes and/or spleen/liver enlargement, as well as eyelid swelling due to difficult lymph drainage from the facial and eye area. For both symptoms we found a difference between the groups -greater percentage of children that had these symptoms were infected with CMV. Grotto et al. [16] have determined that 40% of the patients have abdominal pain, although they focused exclusively on patients with EBV infection. For two more symptoms of the disease a difference between the groups was determined in favor of CMV. The first one is skin rash, which can arise from the basic infection, but it can also appear due to the interaction between heterophil antibodies with antibiotics [7, 14] . The other symptom is the feeling of fatigue. Despite the fact that it is a subjective feeling, our results correspond to several other studies [5, 19] . Data from literature state that the feeling of tiredness and reduced physical activity can be present up to six months after infection [1, 2, 3, 9] .
Jenson [7] and Wang et al. [4] showed that EBV and CMV in childhood can lead to immunosuppression and secondary viral infection with some of respiratory viruses. During the course of the disease, about 50% of infected children had some of the respiratory symptoms.
These viruses, especially EBV, have shown negative impact on the immune system and the later development of various lymphoproliferative diseases [27] . On the other hand, they may have influence on the differentiation of NK and CD8 + T lymphocytes, which can later participate in defense against viral infections [28] . Also, it was shown that early-life IM protects against persistent IgE sensitization and development of allergic diseases [29] .
After analyzing the results of other researchers, it can be concluded that frequency of classical clinical signs of angina, hyperemic pharynx and hypertrophic tonsils with purulent plaques is in correlation to our own [5, 6, [15] [16] [17] [18] [19] [20] [21] . It is similar with lymphadenopathy. Discrepancy in the results occurs when frequency of spleno/hepatomegaly is concerned. Saldana et al. [19] determined splenomegaly in only 16.5% of their cases, while Balasubramanian et al. [6] in 81% of their patients. In researches of Son and Shin [20] and Cengiz et al. [5] frequency of hepatomegaly is 25%, and up to 58.1% in the study taken by Gao et al. [15] .
Inflammation parameters were increased in a large number of patients in both groups. Wang et al. [4] state similar percentage of children with increased CRP, while the value of SE was monitored only by colleagues from Turkey, who found elevated levels in 26.4% of their cases [5] . It was noticed that mean value for SE is about 25 mm/h and about 25 mg/l for CRP, the values not considerably high, considering that these are viral infections [11] .
Only in 10% of the patients fibrinogen values were elevated, and these 10% most likely represent patients with bacterial superinfection. In contrast, about 55% of affected children have values of fibrinogen below 2 g/l, which is another proof of weakened secretory function of an affected liver.
Total number of leukocytes and lymphocytes, with slightly increased mean values that are around 15×10 9 /l for leukocytes, and around 10×10 9 /l for lymphocytes, and with a percentage of virocytes of about 20% in most cases, is concurrent with the data from literature [1, 2, 3, 5, 6, [15] [16] [17] [18] [19] [20] [21] .
Also, frequency of increased values of transaminases in both groups correlate with the results of other researchers and literature [1, 2, 3, 5, 6, [15] [16] [17] [18] [19] [20] [21] . Mean values of about 100 μ/l for AST and somewhat higher, about 115 μ/l, for ALT indicate a mild lesion of the liver [11] .
Parameter that is rarely mentioned in literature is LDH, which was increased in about 95% of examined children in our study, so that even though it is a non-specific parameter, it can still be considered reliable as a helpful diagnostic tool.
We used these three analyses as the parameters of laboratory recovery, and after seven days determined that there was significant decrease in most of the cases. An interesting difference that was noticed between the groups is the time of normalisation of the values of transaminases. In children with EBV there is faster decrease of values than in children with CMV infection, which can be used in practical work. This difference was not noticed in terms of LDH values.
When disease complications are concerned, the highest number of patients had anemia as the most common complication, which is similar with the result of Cengiz et al. [5] and Grotto et al. [16] . However, this finding must be carefully interpreted considering the lack of information about other factors that influence the emergence of anemia (diet, age of life, menstruations, growth, etc). None of the patients had a positive Coombs test, which supports the fact that anemia is entirely a consequence of infection or other mentioned factors, and not hemolysis of erythrocytes in an enlarged spleen.
A small percentage of patients had leukopenia, about 4% in both groups. Slightly higher percentage, about 6%, was determined by Son and Shin [20] , and slightly lower, 2.2%, by Cengiz et al. [5] , while in other comparative studies leukopenia was not mentioned as a disease complication.
It is interesting that thrombocytopenia was a more frequent complication in our patients (47%), while in research of Son and Shin [20] , that percentage is considerably lower, 13.2%, and in research of Saldana et al. [19] it is present in only 7.3%. It is also interesting that thrombocytopenia in our respondents is more often presented with CMV mononucleosis. About 20% of patients in both groups had bacterial superinfection of pharynx, with the highest number of those affected by β-hemolytic streptococcus, which was proven by determining ASOT.
Average duration of hospitalization of our patients was about a week. However, loss of time in waiting for the results of virusologic analyses must be taken into account, so that real time would have been shorter. In comparative studies average duration of hospitalization is in the range of 3.5-9 days [4, 5, 15, 20] .
It is important to indicate the application of antibiotics during the disease. We have determined that a percentage of children who take antibiotics before hospitalization in both groups is about 70-75%, which is rarely mentioned in the literature.
CONCLUSION
EBV is a more common cause of IM than CMV. Valid differences in the frequency of high temperature, sore throat, bad breath, respiratory symptomatology and an-gina, lymphadenopathy and spleen/hepatomegaly in the groups was not discovered. Abdominal pain, eyelid swelling, skin rash, and fatigue were more common in children with CMV. Values of transaminases and LDH significantly decreased after seven days of hospitalization. In children with EBV, values of transaminases decline significantly faster. Anemia and bacterial superinfection of pharynx are the most common disease complications. Thrombocytopenia is more common in children with CMV infection.
